Background and Purpose-The association between socioeconomic status in adulthood and the risk of stroke is well established; however, the independent effects of socioeconomic conditions in different life phases are less understood. Methods-Within a population-based stroke registry, we performed a case-control study with 470 ischemic stroke patients (cases) aged 18 to 80 years and 809 age-and sex-matched stroke-free controls, randomly selected from the population (study period October 2007 to April 2012). We assessed socioeconomic conditions in childhood, adolescence, and adulthood, and developed a socioeconomic risk score for each life period. Results-Socioeconomic conditions were less favorable in cases regarding paternal profession, living conditions and estimated family income in childhood, school degree, and vocational training in adolescence, last profession, marital status and periods of unemployment in adulthood. Using tertiles of score values, low socioeconomic conditions during childhood (odds ratio 1.77; 95% confidence interval 1.20-2.60) and adulthood (odds ratio 1.74; 95% confidence interval 1.16-2.60) but not significantly during adolescence (odds ratio 1.64; 95% confidence interval 0.97-2.78) were associated with stroke risk after adjustment for risk factors and other life stages. Medical risk factors attenuated the effect of childhood conditions, and lifestyle factors reduced the effect of socioeconomic conditions in adolescence and adulthood. Unfavorable childhood socioeconomic conditions were particularly associated with large artery atherosclerotic stroke in adulthood (odds ratio 2.13; 95% confidence interval 1.24-3.67). Conclusions-This study supports the hypothesis that unfavorable childhood socioeconomic conditions are related to ischemic stroke risk, independent of established risk factors and socioeconomic status in adulthood, and fosters the idea that stroke prevention needs to begin early in life. (Stroke. 2016;47:00-00.
T
here is a strong inverse relationship between socioeconomic status and stroke incidence and mortality both between and within populations worldwide. 1 In a recent meta-analysis of 17 studies, a low socioeconomic status was associated with a 1.67 times increased risk of stroke (95% confidence interval [CI] 1.46-1.91). 2 Differences in the prevalence and severity of vascular risk factors may partly, but not completely, explain such increased stroke risk among lower socioeconomic groups. [1] [2] [3] [4] [5] Most likely, there is a cumulative effect of negative socioeconomically driven influences during different life stages. Within such a life-course perspective, there is evidence that socioeconomic conditions during childhood may play an independent and important role regarding stroke risk in later life. Geographic associations between childhood mortality in the early 20th century and later stroke mortality and associations between birth weight and cardiovascular diseases point to infantile conditions being risk factors for stroke and cardiovascular diseases. [6] [7] [8] Several but not all cohort 6,9-15 and case-control studies [16] [17] [18] described an inverse relationship between childhood conditions and risk of stroke that was independent of adulthood socioeconomic conditions. However, the understanding of the role of the socioeconomic status during different life stages as stroke risk factor remains incomplete. We performed a case-control study to investigate socioeconomic, genetic, and infectious risk factors for stroke and their interdependence. Here, we report on the hypothesis that adverse socioeconomic conditions in childhood, adolescence, and adulthood each independently contribute to the risk of first-ever ischemic stroke. We particularly focused on living conditions, parental status, and other elements of childhood socioeconomic conditions and assessed their role regarding the risk of adulthood ischemic stroke.
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case-control study included first-ever ischemic stroke patients (cases) and age-and sex frequency-matched controls, randomly selected from the general population. The study was embedded within the framework of the Ludwigshafen population-based stroke registry which started on January 1, 2006, and used standard definitions and multiple overlapping methods of case-ascertainment to identify all cases with incident stroke or transient ischemic attack among the population of Ludwigshafen, a distinct center of chemical industry with ≈160 000 inhabitants. 19 About 93% of all stroke patients under 80 years are admitted to the Neurology Department of the Klinikum Ludwigshafen that accommodates the only stroke unit within the city. The study was approved by the ethics committee of the Landesärztekammer Rheinland-Pfalz (837.333.05(4991)).
Inclusion and Exclusion Criteria
Inclusion criteria besides age and permanent residency in the study area were white ethnicity and written informed consent to study participation. Inclusion criterion for cases was the diagnosis of a firstever ischemic stroke based on an acute neurological deficit lasting >24 hours with no other reason than cerebral ischemia. All cases received a cerebral computed tomography or magnetic resonance imaging excluding cerebral hemorrhage. For practical reasons, recruitment was restricted to cases who were admitted to the Klinikum Ludwigshafen.
Exclusion criteria for cases were acute transient ischemic attack, intracerebral, subdural or subarachnoid hemorrhage, and ischemic stroke because of cerebral trauma or brain malignancy. Exclusion criteria for both cases and controls included any previous stroke, myocardial infarction within 90 days, dementia, severe aphasia, or any other relevant communication barrier and severe disability that impedes participation in the interview.
For recruitment of controls, a random sample of Ludwigshafen residents was drawn from the population registry. Selected persons received invitation letters with detailed information on the study and an invitation for interview and examination to the Klinikum Ludwigshafen. Persons who did not respond were contacted by telephone or sent a reminder letter. Persons failing to respond after at least 3 attempts were recorded as nonresponders. They were tracked through the population registry to confirm whether they were alive and still living within the study area. Cases were recruited from October 2007 to April 2012 and controls from April 2009 to April 2012. All subjects were interviewed face-to-face by trained interviewers using a standardized questionnaire. Data collected included anthropometric measures, previous diseases, smoking, alcohol intake, physical activity, diet, medication, and socioeconomic history. Data were double entered and checked for completeness and plausibility.
For etiologic stroke subgroup analysis, we used a modification of the TOAST criteria with large artery atherosclerosis also including cases with atherosclerotic stenosis of <50% diameter reduction in the absence of other causes of stroke. 20 Experienced neurologists (Drs Palm and Urbanek; controversies resolved by Dr Grau) classified the cases based on neuroimaging and vascular and cardiac work-up.
Socioeconomic Parameters
Regarding childhood socioeconomic conditions, we evaluated father's and mother's main occupation during subjects' childhood, just as living, familial, material, and self-estimated financial conditions during childhood (up to age 14; Table 1 ). For adolescence (age range 15-25 years), highest school degree and professional education and, for adulthood, last profession, marital status, and periods of unemployment were assessed ( Table 1) .
All professions were divided into 4 categories: (1) professions that require university education (academic jobs), (2) white collar jobs without required academic training (nonacademic white collar jobs), (3) jobs based on apprenticeships in the manufacturing or industrial sector (blue collar jobs), and (4) jobs without required professional training.
From the above variables, we constructed risk scores for each life period before data analysis with 3 different approaches: (1) summed scores according to weights in Table 1 , (2) the first principal components of principal component analyses for these variables, 21 and (3) classifications into approximate tertiles of the summed scores based on the distribution in controls.
The weights for the summed scores were chosen a priori such that higher score values indicate more unfavorable conditions and according to the presumed relevance of different items. This approach is similar to previous publications, 22, 23 although the composition of scores differed in the present study because socioeconomic conditions were characterized by a wider array of aspects, particularly regarding childhood.
Statistical Analysis
We report absolute and relative frequencies of individual socioeconomic variables by case-control status. Odds ratio (OR) estimates are presented both from a univariate and a multivariate analysis, in the latter adjusted for known risk factors for stroke and the other life periods (childhood, adolescence, and adulthood). The respective CIs of both analyses are based on conditional logistic regression models, conditioned on age (2-year-age groups) and sex. The structure of the data may be represented in a causal diagram, see Figure 1 , where the bold arrows indicate the relations of main interest. In a multivariate analysis, one can eliminate the indirect effect of, for example, the risk score of childhood via the other life stages and the medical and lifestyle risk factors, by their inclusion into the model. The effect of the childhood risk score can then be estimated as the controlled direct effect when all intermediate variables are fixed at a specific level. The same holds for the other risk scores.
To control for a potential bias owing to a lower response of controls from more disadvantaged social backgrounds, we performed a sensitivity analysis, comparing school education data in our control group with those of the general population from the municipal statistical office adapting a method suggested by Breslow and Cain. 24, 25 The impact of missing values was assessed with sensitivity analyses comparing different imputation techniques: imputation based on plausibility assumptions, as well as missForest 26 and mice imputation.
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Data management was done with the statistical software SAS. For all analyses, the statistical software R was used. 28 Conditional logistic regression estimates were obtained through the R package survival.
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Results
Among 638 eligible cases with first-ever ischemic stroke, 470 agreed to participate (participation rate 73.7%), including 188 women (40.0%; mean age 66.5±10.8 years) and 282 men (mean age 65.5±10.7 years). A total of 2115 potential controls were selected, among whom 382 exhibited exclusion criteria. Out of the remaining 1733 individuals, 435 (25.1%) could not be contacted and 489 refused participation (28.2%). Thus, 809 controls (338 women, mean age 66.4±11.1 years; 471 men, 67.9±9.5 years) were recruited to the study (participation rate 46.6%). A higher participation rate (59.8%) was observed in those with a telephone number available.
Risk factors and associated diseases in cases and controls are given in Table 2 . Regarding childhood socioeconomic conditions, a higher number of siblings, lack of an own toilet, and estimated lower family income was significantly associated with stroke in multivariate analyse (Table 1) .
Regarding adolescence, lack of vocational training was independently associated with stroke. In adulthood, marital status, periods of unemployment, and unskilled last profession was significantly associated with stroke in multivariate analyse (Table 1) .
Higher score values indicating less favorable socioeconomic conditions were found in cases in childhood (median, interquartile range; 6.0 CI indicates confidence interval; and OR, odds ratio. *Univariate OR: conditioned on sex and age (2-year groups); multivariate OR: additionally adjusted for hypertension, diabetes mellitus, hypercholesterolemia, atrial fibrillation, coronary heart disease, chronic heart failure, peripheral arterial disease, current smoking, high alcohol consumption, physical activity, fruit/vegetable consumption, and meat consumption.
†Based on current profession. After adjustment for age and sex only, low socioeconomic conditions were in all life periods associated with higher stroke risk. Adjustment for medical risk factors attenuated the effect of childhood conditions, whereas lifestyle risk factors reduced the effect of the socioeconomic risk score during adolescence and adulthood (Figure 2 ). In the fully adjusted model, including adjustment for the other life stages, respectively, low socioeconomic conditions during childhood (OR 1.77; 95% CI 1.20-2.60) and adulthood (OR 1.74; 95% CI 1.16-2.60) and somewhat less during adolescence (OR 1.64; 95% CI 0.97-2.78) were independently associated with stroke risk. Middle socioeconomic conditions were associated with increased stroke risk only during childhood (OR 1.47, 95% CI 1.04-2.09; Table 2 ; Figure 2 ). Similar results were obtained if score values were included as continuous variables instead of a categorization into tertiles or if the first principal components from the principal component analyses were used ( Table 3 ). The first principal components explain 22.3%, 74.4%, and 39.5% of the total variation in the original childhood, adolescence, and adulthood variables on which the scores are based, respectively. There is a high correlation between the scores and the principal components. Individuals with low school education were moderately underrepresented in our control group as comparisons with official data had shown. However, adjustment for a differential response rate in controls influenced by school education altered the ORs in our fully adjusted model only to a small degree (data not shown).
Less favorable childhood socioeconomic conditions were a strong independent risk factor for large artery atherosclerosis stroke due to adulthood. Socioeconomic conditions in adolescence and adulthood were not significantly associated with any of the stroke subgroups (Table 4) .
We also considered the effect of the socioeconomic risk scores by age group, split by the cases' median age of 69. The effect of childhood socioeconomic conditions is somewhat stronger in young age groups-OR of 2.16 (95% CI: 1.14, 4.08) for the highest tertile compared with 1.46 (0.87, 2.46) for the older age group. The reverse is true for conditions in adolescence and adulthood, where the effect is higher in the older age group. However, the regression analysis did not yield a significant interaction between socioeconomic conditions and age (eg, P=0.29 for the above interaction with childhood conditions).
Discussion
Our study shows that low socioeconomic status in any life stage is associated with an increased risk of stroke. In particular, disadvantageous socioeconomic conditions during childhood are linked to stroke risk independent of the social status later in life. The effects of socioeconomic conditions are only mildly attenuated by medical and lifestyle risk factors.
Several aspects addressing the social, economic, and living conditions during childhood and various elements of socioeconomic position during later life were associated with stroke risk. Childhood in cases was more often characterized by a father in a manual and unskilled profession as a major determinant of the family's social position, a high number of siblings as a previous characteristic of lower social classes, more crowded living conditions, lack of an own toilet as an indicator for lower hygiene standards, and less common car ownership and a lower self-estimated family income as markers of material and financial standards. During adolescence and adulthood, school education, vocational training, last professional activity, frequency of unemployment, and marital status were all less favorable in cases than in controls. Previous studies had mostly assessed one or few of these factors [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] but not the multitude of different aspects as analyzed here. Our observations support the hypothesis that socioeconomic disadvantages during sequential life stages may be linked to stroke risk by a multitude of different influential factors, independent of known risk factors.
In most previous studies, stroke risk factors attenuated but did not eliminate the role of low socioeconomic conditions as a risk factor for stroke. 2 In a previous study from our group 18 which motivated the present investigation, stroke risk factors, and particularly behavioral risk factors, had a strong attenuating effect on the role of socioeconomic determinants. A lifetime social score was not independently associated with stroke risk. However, this earlier study was smaller than the present one, and its social score was based on only 4 different items.
Some of the previous studies identified childhood socioeconomic conditions to be associated with stroke independent from other risk factors and from adulthood conditions, 6, [8] [9] [10] 13, 16 whereas other studies did not detect such association. 11, 12, 15 Interestingly, adjustment for medical factors (hypertension, diabetes mellitus, hypercholesterolemia, atrial fibrillation) but not for lifestyle factors considerably attenuated the effect of the childhood score. In contrast, the change of the adulthood score's effect was stronger when adjusting for lifestyle factors. Regarding the adolescence risk score, the effects were approximately the same. This may indicate that factors in childhood are-possibly causally-linked to the development of some medical factors appearing later in life and less to lifestyle factors in adulthood like smoking or alcohol consumption. However, current knowledge on this association is sparse. 30 The corresponding interpretation for the confounding effects on the adulthood score is that the lifestyle factors explain the effect of the current socioeconomic class on stroke risk to some extent and that the medical factors act independently. Although this interpretation seems plausible, it should be considered with caution and requires confirmation by future studies.
Strikingly, unfavorable childhood socioeconomic conditions were independently associated with atherothrombotic stroke but not with other stroke subgroups. Previously, a relationship between childhood and adulthood conditions and carotid atherosclerosis was shown in women but not in men. 15 Whether disadvantageous childhood factors may particularly foster atherogenesis requires verification by future studies.
As medical and behavioral risk factors do not fully explain the association between socioeconomic status and stroke, the question of new explanatory factors arises. Recently, chronic systemic inflammation was suggested as a potential link between low socioeconomic status and elevated cardiovascular disease risk. 31 Psychosocial pathways and early lifetime physical disadvantages, for example, low birth weight, 8 resulting in epigenetic modifications, may offer further explanations. 32 Strengths of our study include a reliable diagnosis of stroke not only depending on self-reported stroke, hospital discharge data, or stroke mortality as in some previous studies, 6, [8] [9] [10] [11] [12] 14 and subgroup analyses of stroke pathogenesis. Furthermore, we assessed a wide range of items characterizing socioeconomic status particularly in childhood, in contrast to previous studies that had relied on one parameter only, mainly paternal or parental profession, 10, 12, 13, 15, 16 sometimes also on educational attainment, 6,14 number of siblings, 9 or housing conditions.
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The possibility of recall bias based on the lacking possibility to externally validate childhood socioeconomic parameters, missing data on some items, and the potential of residual confounding are limitations of our study. Individuals with low school education are somewhat underrepresented in our control group. However, sensitivity analyses showed that further adjustment for a differential response of controls neither changed the results nor the interpretation relevantly. Although the associations detected cannot be interpreted as causal, our data seem consistent. In summary, our study supports the hypothesis that socioeconomic conditions in both childhood and adulthood have an impact on stroke risk independent of established risk factors. Such results support the idea of improving socioeconomic conditions across the lifespan to prevent stroke.
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